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(57) ABSTRACT

Embodiments of the invention provided circuits and methods
for balancing battery cells. According to a first embodiment,
a cell balancing circuit includes an auxiliary current path for

controlling a conductance status of a shunt path. According to
a second embodiment, a cell balancing circuit utilizes a total
voltage of multiple neighboring cells 1n a battery pack to
generate a current. Based on the current, a voltage drop 1s
generated to conduct a shunt path corresponding to one cell of
the neighboring cells. According to a third embodiment, a cell
balancing circuit utilizes a total voltage of multiple neighbor-
ing cells 1 a battery pack to generate a current. Based on the
current, a voltage drop 1s generated to conduct a shunt path
corresponding to one cell of the neighboring cells. The cell
balancing circuit can turn on multiple internal switches at the
same time to balance multiple neighboring cells simulta-
neously.
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CONDUCT A FIRST CURRENT
PATH TO ENABLE A FIRST
CURRENT FLOWING THROUGH
THE FIRST CURRENT PATH IF A
500 CELL IS UNBALANCED 202

] CONDUCT A SECOND CURRENT |
PATH IN PARALLEL WITH THE
FIRST CURRENT PATH IN

RESPONSE TO THE FIRST
CURRENT TO ENABLE A l\

SECOND CURRENT FLOWING
THROUGH THE SECOND 004
CURRENT PATH

L4

CONDUCT A SHUNT PATH IN
PARALLEL WITH THE SECOND |\
CURRENT PATH TO ENABLE A | 506

BYPASS CURRENT OF THE CELL
FLOWING THROUGH THE SHUNT
PATH IN RESPONSE TO THE
SECOND CURRENT

FIG. 5
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GENERATE A CURRENT
300 ACCORDING TO A TOTAL
VOLTAGE OF MULTIPLE ™\
E‘ ; NEIGHBORING CELLS 802

| GENERATE A VOLTAGE DROP
| ACROSS A RESISTOR BASED ON T\
THE CURRENT 204

CONDUCT A SHUNT PATH
CORRESPONDING TO THE CELL ~
IN RESPONSE TO THE VOLTAGE

DROP

F1G. 8
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CIRCUIT AND METHOD FOR BALANCING
BATTERY CELLS

RELATED APPLICATIONS

This application claims priority to U.S. provisional appli-
cation Ser. No. 61/311,872, filed on Mar. 9, 2010, which 1s

hereby incorporated by reference 1n 1ts entirety.

BACKGROUND

Used as a DC voltage power supply, a battery pack may
include a group of battery cells connected 1n series. Charging
and discharging the battery pack through normal operation
over time may result in cell-to-cell variations 1n cell voltages.
When one or more cells 1n a series string charge faster or
slower than the others, an unbalanced condition may occur.

FI1G. 1 illustrates a conventional cell balancing circuit 100.
Multiple cells connected 1n series include a first cell 102 and
a second cell 103. The positive terminal (anode) of the cell
102 1s coupled to a controller 110 at a terminal BAT1 through
a resistor 108. The negative terminal (cathode) of the cell 102
1s coupled to the controller 110 at a terminal BATO through a
resistor 106. Inside the controller 110, an internal shunt path
(bypass path) 1s parallel-connected with the cell 102. The
internal shunt path includes a bleeding control switch 104.
The bleeding control switch 104 1s controlled by the control-
ler 110 through a control signal DRV1. Similarly, the anode of
the cell 103 1s coupled to the controller 110 at the terminal
BAT?2 through a resistor 112. The cathode of the cell 103 1s
coupled to the controller 110 at the terminal BAT1 through
the resistor 108. Inside the controller 110, an internal shunt
path 1s parallel-connected with the cell 103. The internal
shunt path includes a bleeding control switch 116. The bleed-
ing control switch 116 1s controlled by the controller 110
through a control signal DRV?2.

When an unbalanced condition occurs, for example, when
a voltage of the cell 102 1s greater than that of any other cell
in the battery pack, the controller 110 may turn on the switch
104 to enable a bypass current (shunt current) to flow through
the internal shunt path, and thus charging of the cell 102 can
be slowed down and the cell voltages can be balanced 1n the
battery pack. One of the disadvantages of this method 1s that
the heat generated by the bypass current may accumulate
inside the controller 110 and may cause damage to the con-
troller 110.

FIG. 2 shows another conventional cell balancing circuit
200. Elements labeled the same as in FIG. 1 have similar
tunctions. The anode of the cell 102 1s coupled to a controller
210 at a terminal BAT1 through a resistor 208. The cathode of
the cell 102 1s coupled to the controller 210 at a terminal
BATO0 through a resistor 206. An external shunt path 1s paral-
lel-connected with the cell 102. The shunt path includes a
resistor 201 and a bleeding control switch 204, e.g., an N
channel metal oxide semiconductor field effect transistor
(NMOSFET), connected 1n series with the resistor 201. The
bleeding control switch 204 1s controlled by the controller
210 via a dedicated pin CB1. Similarly, the anode of the cell
103 is coupled to the controller 210 at the terminal BAT?2
through a resistor 212. The cathode of the cell 103 1s coupled
to the controller 210 at the terminal BAT1 through the resistor
208. An external shunt path 1s parallel-connected with the cell
103. The external shunt path includes a resistor 214 and a
bleeding control switch 216, ¢.g., an NMOSFET, connected
in series with the resistor 214. The bleeding control switch
216 1s controlled by the controller 210 via a dedicated pin

CB2.
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When an unbalanced condition occurs, for example, when
a voltage of the cell 102 1s greater than that of any other cell
in the battery pack, the controller 210 may turn on the switch
204 to enable a bypass current to flow through the external
shunt path, and thus charging of the cell 102 can be slowed
down and the cell voltages can be balanced 1n the battery
pack. One of the disadvantages of this method 1s that each cell
needs an extrapin (e.g., CB1 for cell 102, CB2 forcell 103) to
control a corresponding bleeding control switch, which
increases the cost.

FIG. 3 shows another conventional cell balancing circuit
300. Flements labeled the same as 1n FIG. 1 and FIG. 2 have
similar functions. In the conventional cell balancing circuit
300, the anode of the cell 102 1s coupled to a controller 310 at
a terminal BAT1 through a resistor 308. The cathode of the
cell 102 1s coupled to the controller 310 at a terminal BAT(
through a resistor 306. An external shunt path 1s parallel-
connected with the cell 102. The shunt path can include a
resistor 301 and a bleeding control switch (e.g., a bipolar
junction transistor 302) connected 1n series with the resistor
301. The conductance status of the bipolar junction transistor
302 is determined by the voltage drop across the resistor 306.
Similarly, the anode ofthe cell 103 1s coupled to the controller
310 at a terminal BAT2 through a resistor 313. The cathode of
the cell 103 1s coupled to the controller 310 at the terminal
BAT1 through the resistor 308. An external shunt path 1s
parallel-connected with the cell 103. The shunt path can
include a resistor 314 and a bleeding control switch (e.g., a
bipolar junction transistor 304) connected in series with the
resistor 314. The conductance status of the bipolar junction
transistor 304 1s determined by the voltage drop across the
resistor 308.

In the controller 310, an iternal switch 312 1s coupled
between the terminal BAT1 and the terminal BAT0. An inter-
nal switch 316 1s coupled between the terminal BAT2 and the
terminal BAT1. The internal switch 312 is controlled by the
controller 310 through a control signal DRV1. The internal
switch 316 i1s controlled by the controller 310 through a
control signal DRV?2.

In FIG. 3, 1n order to conduct the shunt path of the cell 102,
the internal switch 312 1s turned on to enable a current I,
flowing from the anode of the cell 102 through the resistor
308 and the terminal BAT1 1nto the controller 310. In order to
conduct the shunt path of the cell 103, the internal switch 316
1s turned on to enable a current 1, flowing out of the controller
310 through the terminal BAT1, the resistor 308 to the cath-
ode of the cell 103. As a result, there may be a confliction of
the current direction regarding the current flowing through
the resistor 308. Since I, and I, flow 1n opposite directions, 1f
the level of 1, and the level of 1, are the same, the voltage drop
across the resistor 308 will be zero such that the bipolar
junction transistor 304 can not be turned on. Theretfore, this
conventional cell balancing circuit 300 1s not able to balance
two neighboring cells at the same time.

Moreover, the bypass current tflowing through a shunt path
1s limited by a base current of a corresponding bipolar junc-
tion transistor. For example, 11 the cell 103 1s unbalanced, the
internal switch 316 1s turned on and the internal switch 312 1s
turned off. A current I, flows from the anode of the cell 103
through the resistor 313, the terminal BAT2 and the internal
switch 316 to the terminal BAT1. The base current I, of the
bipolar junction transistor 304 flows into the bipolar junction
transistor 304. The current I, flows through the resistor 308 to
the cathode of the cell 103. The bypass current 1,  flowing
through the shunt path of the cell 103 can be given by:

Ipr =PI, (1)
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where 3 1s the common-emitter current gain of the bipolar
junction transistor 304. In order to acquire a relatively large
bypass current I ;; -, the base current I ; needs to be increased.
However, since the current I, 1s the summation of the base
current I, and the current I, flowing through the resistor 308,
a relatively large base current 1, may result 1n a relatively
small current I5. On the other hand, the current I, needs to be
large enough such that the voltage drop across the resistor 308
1s large enough to turn on the bipolar junction transistor 304.
Theretore, the bypass current 1, ,, flowing through the shunt
path of the cell 103 1s limited by the base current 1, of the
bipolar junction transistor 304.

Furthermore, the conventional cell balancing circuit 300
may not be suitable for balancing cells having relatively low
cell voltages. Assume that the resistance of the resistor 308
and the resistance of the resistor 306 are the same. If the cell
102 1s unbalanced, the controller 310 turns on the internal
switch 312 by the control signal DRV1. Neglecting the volt-
age drop across the internal switch 312, the voltage drop
across the resistor 306 1s only half of the voltage of the cell
CELL-1. If the voltage of the cell CELL-1 1s too low, the
bleeding control switch (the bipolar junction transistor 302)
in the shunt path may not be turned on.

SUMMARY

Embodiments of the invention provided circuits and meth-
ods for balancing battery cells.

According to a first embodiment of the invention, there 1s
provided a cell balancing circuit which includes a shunt path
for enabling a bypass current of a cell and an auxiliary current
path coupled in parallel with the shunt path. The auxiliary
current path can control a conductance status of the shunt
path.

According to a second embodiment of the invention, there
1s provided a cell balancing circuit which can utilize a total
voltage of multiple neighboring cells 1n a battery pack to
generate a current. A voltage drop across a resistor 1s gener-
ated based on the current. A shunt path corresponding to one
cell of the neighboring cells can be conducted 1n response to
the voltage drop.

According to a third embodiment of the invention, there 1s
provided a cell balancing circuit which can utilize a total
voltage of multiple neighboring cells 1n a battery pack to
generate a current. A voltage drop across a resistor 15 gener-
ated based on the current. A shunt path corresponding to one
cell of the neighboring cells can be conducted 1n response to
the voltage drop. Furthermore, the cell balancing circuit can
turn on multiple internal switches at the same time to balance
multiple neighboring cells simultaneously.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of embodiments of the claimed
subject matter will become apparent as the following detailed
description proceeds, and upon reference to the drawings,
wherein like numerals depict like parts, and 1n which:

FI1G. 1 1illustrates a conventional cell balancing circuit.

FI1G. 2 illustrates another conventional cell balancing cir-
cuit.

FIG. 3 illustrates another conventional cell balancing cir-
cuit.

FI1G. 4 illustrates a cell balancing circuit, 1n accordance
with one embodiment of the present invention.

FIG. 5 illustrates a flowchart of a method for balancing a
cell, in accordance with one embodiment of the present inven-
tion.
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FIG. 6 illustrates a cell balancing circuit, 1n accordance
with one embodiment of the present invention.

FIG. 7 1illustrates a cell balancing circuit, 1n accordance
with one embodiment of the present invention.

FIG. 8 1llustrates a flowchart of a method for balancing a
cell, in accordance with one embodiment of the present inven-
tion.

DETAILED DESCRIPTION

Retference will now be made 1n detail to the embodiments
ol the present invention. While the invention will be described
in conjunction with these embodiments, it will be understood
that they are not intended to limit the invention to these
embodiments. On the contrary, the mvention 1s intended to
cover alternatives, modifications and equivalents, which may
be included within the spirit and scope of the mvention as
defined by the appended claims.

Furthermore, 1n the following detailed description of the
present mvention, numerous specific details are set forth in
order to provide a thorough understanding of the present
invention. However, it will be recogmized by one of ordinary
skill 1n the art that the present invention may be practiced
without these specific details. In other mnstances, well known
methods, procedures, components, and circuits have not been
described in detail as not to unnecessarily obscure aspects of
the present invention.

Embodiments of the invention provided circuits and meth-
ods that can balance battery cells even 11 the voltages of these
battery cells are relatively low. Moreover, 1n one embodi-
ment, neighboring cells can be balanced simultaneously. The
circuits and methods according to present invention are not
limited to any specific battery types and can be used for Li-Ion
cells, Lead Acid battery cells, N1IMH battery cells, solar cells,
etc.

FIG. 4 illustrates a cell balancing circuit 400 for a battery
cell CELL-1, in accordance with one embodiment of the
present invention. The balancing circuit 400 includes a shunt
path and an auxiliary current path coupled 1n parallel with the
shunt path, and a third current path coupled in parallel with
the auxiliary current path. The shunt path i1s operable for
enabling a bypass current of the cell CELL-1 1n a battery
pack. The auxiliary current path controls a conductance status
of the shunt path. The third current path controls a conduc-
tance status of the auxiliary current path.

In the example of FIG. 4, the anode of the cell CELL-1 1s
coupled to a controller 402 at a terminal BAT2 through a
resistor 408. The cathode of the cell CELL-1 1s coupled to the
controller 402 at the terminal BAT1 through a resistor 412. In
one embodiment, the shunt path of the cell CELL-1 includes
a bleeding control switch 406 and a resistor 404 coupled 1n
series. In one embodiment, the auxiliary current path includes
a switch, e.g., a bipolar junction transistor 414, and a resistor
416 coupled 1n series. The conductance status of the bleeding
control switch 406 1s determined by the voltage drop across
the resistor 416. The conductance status of the bipolar junc-
tion transistor 414 1s determined by its base-emitter voltage
V =, which 1s substantially equal to a voltage drop across the
resistor 408 which 1s coupled between the auxiliary current
path and the third current path. The third current path includes
an internal switch 410 which 1s coupled between the terminal
BAT2 and the terminal BAT1. The internal switch 410 is
controlled by the controller 402 through a control signal
DRV1. In the example of FIG. 4, the shunt path and the
auxiliary current path are outside the controller 402, and the
third current path 1s inside the controller 402. The controller
402 can be used to control a charging and/or discharging of
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the battery pack, and can be used to perform various protec-
tion functions (e.g., over-voltage protection, over-current
protection, under-voltage protection, cell balancing) for the
battery pack. In one embodiment, the controller 402 can be
integrated in the battery pack.

In operation, 1 the cell CELL-1 1s unbalanced (e.g., the cell
voltage of the cell CELL-1 1s higher than a threshold, or the
cell voltage of the cell CELL-1 1s higher than any other cell 1n
the same battery pack), the controller 402 conducts the third
current path. The auxiliary current path 1s conducted to enable
a current flowing through the auxiliary current path in
response to the current tlowing through the third current path.
The shunt path 1s conducted to enable a bypass current of the
cell CELL-1 1n response to the current flowing through the
auxiliary current path.

More specifically, 1f an unbalanced condition occurs to the
cell CELL-1, the internal switch 410 1s turned on by the
controller 402 to conduct the third current path to enable a
current flowing through the third current path. A current I,

flows from the anode of the cell CELL-1 through the resistor
408, the terminal BAT?2, the internal switch 410, the terminal
BAT1 and the resistor 412 to the cathode of the cell CELL-1.
If the voltage across the resistor 408 (1.e., the base-emitter
voltage V 5. of the bipolar junction transistor 414) 1s greater
than the turn-on voltage V 5 ;- 5, 01 the bipolar junction tran-
sistor 414, the bipolar junction transistor 414 i1s turned on
such that the auxiliary current path 1s conducted and a current
[~ flows through the auxiliary current path. It the resistance of
the resistor 416 1s relatively large, the voltage drop across the
resistor 416 1s close to the cell voltage of the cell CELL-1. In
one embodiment, the bleeding control switch 406 1s an N
channel metal oxide semiconductor field effect transistor
(NMOSFET). If the voltage across the resistor 416 1s greater
than the turn-on voltage V,,,. o 01 the bleeding control
switch 406, the bleeding control switch 406 1s turned on, so
that a bypass current 15, 1s enabled to tlow through the shunt
path.

Advantageously, the bypass current 15,  1s not limited by
the base current of the bipolar junction transistor 408. By
adjusting the resistance of the resistor 404, the bypass current
I.; » can be adjusted within a desired range. Moreover, the
cell balancing circuit 400 1s able to balancing cells even 1f the
cells have relatively low cell voltages. 11 the resistance of the
resistor 416 1s relatively large, the voltage drop across the
resistor 416 1s close to the cell voltage of the cell CELL-1, and
thus the bleeding control switch 406 can be turned on even 1
the voltage of the cell CELL-1 1s relatively low.

FI1G. 51llustrates a flowchart 500 of a method for balancing
a cell, m accordance with one embodiment of the present
invention. FIG. 5 1s described in combination with FIG. 4. In
block 502, a first current path (e.g., a current path inside a
controller 402) 1s conducted to enable a first current I, to flow
through the first current path 1f a cell CELL-1 1s unbalanced.
In block 504, a second current path (e.g., the auxiliary current
path) in parallel with the first current path 1s conducted to
enable a second current I . flowing through the second current
path 1n response to the first current I, . In block 506, a shunt
path 1n parallel with the second current path 1s conducted to
enable abypass current 1,  flowing through the shunt path in
response to the second current I ..

FI1G. 6 illustrates a cell balancing circuit 600, in accordance
with one embodiment of the present invention. The cell bal-
ancing circuit 600 1s operable for utilizing a total voltage of
multiple neighboring cells 1n a battery pack to generate a
current. A voltage drop across a resistor 1s generated based on
the current. A shunt path corresponding to one cell of the
neighboring cells can be conducted 1n response to the voltage
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drop. In the example of FIG. 6, a total voltage of two neigh-
boring cells 1s utilized to generate the current. However, the
present mnvention 1s not so limited. The cell balancing circuit
600 can utilize a total voltage of three or more cells to gen-
crate the current.

In the example of FIG. 6, two neighboring cells CELL-1

and CELL-2 are coupled to a controller 602. The anode of the
cell CELL-1 1s coupled to the controller 602 at a terminal
BAT?2 through a resistive element, e.g., resistor 612. The
cathode of the cell CELL-1 1s coupled to the controller 602 at
a terminal BAT1 through a resistive element, e.g., a resistor
618. A shunt path which includes aresistor 614 and a bleeding,
control switch 616 1s coupled in parallel with the cell CELL-
1. Stmilarly, the anode of the cell CELL-2 1s coupled to the
controller 602 at a terminal BAT3 through a resistor 608. The
cathode of the cell CELL-2 1s coupled to the controller 602 at
the terminal BAT2 through the resistor 612. A shunt path
which includes a resistor 604 and a bleeding control switch
606 1s coupled 1n parallel with the cell CELL-2. In the con-
troller 602, a current path 1s coupled in parallel with cells
CELL-1 and CELL-2. The current path includes an internal
switch 620 coupled between the terminal BAT2 and the ter-
minal BAT1 and an internal switch 610 coupled between the
terminal BAT3 and the terminal BAT2. The internal switch
620 1s controlled by the controller 602 through a control
signal DRV1. The internal switch 610 1s controlled by the
controller 602 through a control signal DRV?2.

In operation, 1t an unbalanced condition occurs to the cell
CELL-1, the controller 602 i1s operable for conducting the
current path to generate a current flowing through the current
path according to a total voltage of cells CELL-1 and CELL-
2. In the example of FIG. 6, the controller 602 turns on the
internal switch 610 and the internal switch 620 simulta-
neously. The current generated based on the total voltage of
the neighboring cells CELL-1 and CELL-2 flows through the
resistor 618 to produce a voltage drop on the resistor 618. The
conductance of the shunt path in parallel with the cell CELL-1
1s determined by the voltage drop on the resistor 618. More
specifically, the current generated based on the total voltage
of the neighboring cells CELL-1 and CELL-2 flows from the
anode of the cell CELL-2 through the resistor 608, the inter-
nal switch 610, the internal switch 620, the resistor 618 to the
cathode of the cell CELL-1. Assuming that the resistance of
the resistor 608 and the resistance of the resistor 618 are the
same, and neglecting a current flowing through the resistor
612 and the resistance of the internal switches 610 and 620,
the voltage drop V ,, across the resistor 618 can be given by:

(2)

(VCELL-l + Verrr 2)
2

Ve

whereV .., ,_, 1s the voltage of the cell CELL-1andV .., , ,
1s the voltage of the cell CELL-2.

Thus, the cell balancing circuit 600 utilizing a total voltage
of two neighboring cells CELL-1 and CELL-2 to generate a
voltage drop across the resistor 618. As such, even 1if the
voltage of the cell CELL-1 1s relatively low, the voltage drop
V. across the resistor 618 can still be large enough to turn on
the bleeding control switch 616. Advantageously, the cell
balancing circuit 600 can be used to balance cells even if the
cells have relatively low cell voltages.

FIG. 71llustrates a cell balancing circuit 700, 1n accordance
with one embodiment of the present invention. The cell bal-
ancing circuit 700 1s operable for utilizing a total voltage of
multiple neighboring cells 1n a battery pack to generate a
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current. A voltage drop across a resistor 1s generated based on
the current. A shunt path corresponding to one cell of the
neighboring cells can be conducted 1n response to the voltage
drop. In the example of FIG. 7, a total voltage of two neigh-
boring cells 1s utilized to generate the current. However, the
present mnvention 1s not so limited. The cell balancing circuit
700 can utilize a total voltage of three or more cells to gen-
erate the current. Furthermore, the cell balancing circuit can
turn on multiple internal switches at the same time to balance
multiple neighboring cells simultaneously. Elements labeled

the same as 1n FIG. 6 have similar functions.
In the example of FIG. 7, three neighboring cells CELL-1,

CELL-2 and CELL-3 are coupled 1n series. The anode of the
cell CELL-1 1s coupled to the cathode of the cell CELL-2. The
anode of the cell CELL-2 1s coupled to the cathode of the cell
CELL-3. The anode of the cell CELL-1 1s coupled to the
controller 702 at the terminal BAT2 through the resistor 612.
The cathode of the cell CELL-1 1s coupled to the controller
702 at the terminal BAT1 through the resistor 618. The anode
of the cell CELL-2 1s coupled to the controller 702 at the
terminal BAT3 through the resistor 608. The cathode of the
cell CELL-2 1s coupled to the controller 702 at the terminal
BAT2 through the resistor 612. The anode of the cell CELL-3
1s coupled to the controller 702 at the terminal BAT4 through
a resistor 708. The cathode of the cell CELL-3 1s coupled to
the controller 702 at the terminal BAT3 through the resistor
608.

In the controller 702, a first current path 1s coupled in
parallel with cells CELL-1 and CELL-2, and a second current
path 1s coupled in parallel with cells CELL-2 and CELL-3.
The first current path includes an internal switch 720 coupled
in parallel with cells CELL-2 and CELL-1. More specifically,
the mternal switch 720 1s coupled to the anode of the cell
CELL-2 through the terminal BAT3 and 1s coupled to the
cathode of the cell CELL-1 through the terminal BAT1. The
second current path includes an internal switch 710 coupled
in parallel with cells CELL-3 and CELL-2. More specifically,
the mternal switch 710 1s coupled to the anode of the cell
CELL-3 through the terminal BAT4 and 1s coupled to the
cathode of the cell CELL-2 through the terminal BAT?2.

In operation, 11 the cell CELL-1 1s unbalanced, the control-
ler 702 turns on the internal switch 720 with a control signal
DRV1 to conduct the first current path to generate a current
flowing through the first current path generated according to
a total voltage of the plurality of neighboring cells, e.g.,
CELL-1 and CELL-2 1n the example of FIG. 7. The current
generated according to a total voltage ol the neighboring cells
CELL-1 and CELL-2 flows through the resistor 618 to pro-
duce a voltage drop on the resistor 618. The conductance of
the shunt path 1n parallel with the cell CELL-1 1s determined
by the voltage drop on the resistor 618. More specifically,
when the internal switch 720 1s turned on, a current I,, 1s
enabled to flow from the anode of the cell CELL-2 to the
cathode of the cell CELL-1 through the resistor 608, the
internal switch 720 and the resistor 618. The current I,, 1s
generated based on a total voltage of the two neighboring
cells CELL-1 and CELL-2. A voltage drop across the resistor
618 can turn on the bleeding control switch 616, and thus the
shun path corresponding to the cell CELL-1 can be con-
ducted. Similarly, if the cell CELL-2 1s unbalanced, the con-
troller 702 turns on the internal switch 710 with a control
signal DRV2 to conduct the second current path. When the
internal switch 710 1s turned on, a current 1,, 1s enabled to
flow from the anode of the cell CELL-3 to the cathode of the
cell CELL-2 through the resistor 808, the internal switch 710
and the resistor 612. The current 1, 1s generated based on a
total voltage of the two neighboring cells CELL-3 and CELL-
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2. A voltage drop across the resistor 612 can turn on the
bleeding control switch 606, and thus the shunt path corre-
sponding to the cell CELL-2 can be conducted.
Advantageously, when an internal switch 1s turned on to
balance a cell (e.g., the cell CELL-1), a voltage drop across a
corresponding resistor (e.g., the resistor 618) 1s relatively
large because the current flowing through the resistor 1s gen-
crated based on a total voltage of multiple neighboring cells

(e.g., the cells CELL-1 and CELL-2). Therefore, even if the

voltage of the cell (e.g., the cell CELL-1) 1s relatively low, the
corresponding bleeding control switch (e.g., the bleeding
control switch 616) can still be turned on in response to the
voltage across the resistor. Moreover, since there 1s no con-
fliction of current direction, the controller 702 can turn on
multiple internal switches (e.g., the internal switch 720 and

the internal switch 710) at the same time to balance multiple
neighboring cells (e.g., the cells CELL-1 and CELL-2) simul-
taneously.

FIG. 8 illustrates a tlowchart of a method 800 for balancing,
cell, in accordance with one embodiment of the present mnven-
tion. FIG. 8 1s described 1n combination with FIG. 6 and FIG.
7. In block 802, a current 1s generated according to a total
voltage of multiple neighboring cells (e.g., the cells CELL-1
and CELL-2 i FIG. 6 or FIG. 7). In block 804, a voltage drop
across a resistive element (e.g., the resistor 618 i FIG. 6 or
FIG. 7) 1s generated based on the current. In block 806, a
shunt path corresponding to a cell (e.g., the cell CELL-1 1n
FIG. 6 or FIG. 7) of the neighboring cells 1s conducted 1n
response to the voltage drop. In one embodiment, a first
switch (e.g., the switch 620 1n FIG. 6) coupled 1n parallel with
a first cell (e.g., the cell CELL-1 in FIG. 6) and a second
switch (e.g., the switch 610 1n FIG. 6) coupled 1n parallel with
a second cell (e.g., the cell CELL-2 1n FIG. 6) are turned on
simultaneously to generate the current. In another embodi-
ment, a switch (e.g., the switch 720 1n FIG. 7) coupled 1n
parallel with the multiple neighboring cells (e.g., the cells
CELL-1 and CELL-2 1n FIG. 7) 1s turned on to generate the
current.

While the foregoing description and drawings represent
embodiments of the present invention, 1t will be understood
that various additions, modifications and substitutions may be
made therein without departing from the spirit and scope of
the principles of the present invention as defined in the
accompanying claims. One skilled 1n the art will appreciate
that the mvention may be used with many modifications of
form, structure, arrangement, proportions, materials, ele-
ments, and components and otherwise, used in the practice of
the mnvention, which are particularly adapted to specific envi-
ronments and operative requirements without departing from
the principles of the present invention. The presently dis-
closed embodiments are therefore to be considered in all
respects as 1llustrative and not restrictive, the scope of the
invention being indicated by the appended claims and their
legal equivalents, and not limited to the foregoing description.

What 1s claimed 1s:

1. A cell balancing circuit comprising:

a shunt path coupled to a cell for enabling a bypass current
of said cell;

an auxiliary current path coupled 1n parallel with said shunt
path;

a third current path coupled in parallel with said auxiliary
current path; and

a controller operable for conducting said third current path
to enable a current flowing through said third current
path if said cell 1s unbalanced,



US 8,872,478 B2

9

wherein said auxiliary current path 1s conducted to enable
a current flowing through said auxihary current path 1n
response to said current flowing through said third cur-
rent path,

wherein said shunt path 1s conducted to enable said bypass

current 1n response to said current flowing through said
auxiliary current path.

2. The cell balancing circuit of claim 1, further comprising:

a resistor coupled between said auxiliary current path and

said third current path,

wherein a current flows through said resistor to generate a

voltage drop on said resistor 11 said third current path 1s
conducted, and

wherein a conductance status of said auxiliary current path

1s determined by said voltage drop on said resistor.

3. The cell balancing circuit of claim 1, wherein said aux-
iliary current path comprises a first switch and a first resistor,
wherein a current flows through said first resistor to generate
a voltage drop on said first resistor 1f said third current path 1s
conducted, wherein a conductance status of said shunt path 1s
determined by said voltage drop on said first resistor.

4. The cell balancing circuit of claim 3, wherein said shunt
path comprises a second resistor and a second switch,
wherein a conductance status of said second switch 1s deter-
mined by said voltage drop on said first resistor.

5. The cell balancing circuit of claim 1, wherein said third
current path 1s inside said controller, and wherein said shunt
path and said auxiliary current path 1s outside said controller.

6. A method for balancing a cell, said method comprising:

conducting a first current path to enable a first current

flowing through said first current path 1f said cell i1s
unbalanced;

conducting a second current path 1n parallel with said first

current path in response to said first current to enable a
second current flowing through said second current
path; and

conducting a shunt path 1n parallel with said second current

path to enable a bypass current tlowing from a first
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terminal of said cell through said shut path to a second
terminal of said cell 1n response to said second current.

7. The method of claim 6, further comprising:

generating a first voltage drop across a first resistor based
on said first current; and

conducting said second current path in response to said first
voltage drop.

8. The method of claim 6, further comprising;

generating a second voltage drop across a second resistor
based on said second current; and

conducting said shunt path 1n response to said second volt-
age drop.

9. A cell balancing circuit comprising:

a current path coupled in parallel with a plurality of neigh-
boring cells comprising a first cell and a second cell;

a shunt path coupled 1n parallel with said first cell;

a controller operable for conducting said current path to
generate a current flowing through said current path
according to a total voltage of said plurality of neighbor-
ing cells 11 said first cell 1s unbalanced; and

a resistive element coupled between said current path and
said first cell,

wherein said current flows through said resistive element to
produce a voltage drop on said resistive element, and
wherein a conductance status of said shunt path 1s deter-
mined by said voltage drop.

10. The cell balancing circuit of claim 9, wherein said
current path comprises a first switch coupled 1n parallel with
said first cell and a second switch coupled in parallel with said
second cell, wherein said controller 1s operable for turning on
said first switch and said second switch simultaneously to
generate said current.

11. The cell balancing circuit of claim 9, wherein said
current path comprises a switch coupled 1n parallel with said
plurality of neighboring cells, wherein said controller 1s oper-
able for turning on said switch to generate said current.

G o e = x
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